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(54) Tide: MULTI-LUMEN CATHETER SYSTEM 
(57) Abstract 

A catheter system (10) facilitates blood treatments such as apheresis that require simultaneous 
withdrawal and return of blood to a patient at high flow rates. A multi-lumen catheter (12) has 
an external coupling device (46) connected to a pump (14) and blood treatment device (16). The 
catheter (12) includes two or more lumens (24, 26, 28) for withdrawing blood and a return lumen 
for returning treated blood. The combined flow resistance of the withdrawal lumens (26, 28) is less 
than or equal to the flow resistance of the return lumen (24) so that the flow rate of blood through the 
withdrawal lumens (26, 28) does not require a pressure differential sufficient to collapse the lumens. 
High flow rates are achievable through the catheter by using a pair of withdrawal lumens (26, 28) 
instead of a single, large withdrawal lumen. 
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To pump bloc rom the patient \ through the withdrav lumen, a vacuum must 
be placed on the withdrawal lumen by a system pump. As the vacuum is increased so 
as to increase the withdrawal flow rate, the withdrawal lumen tends to collapse. In some 
cases, this tendency to collapse at low pressures or flow rates prohibits use of a. many 
catheters for apheresis Grishaber et al., supra and Spindler, J.S., "Subclavian vein 
catheterization for apheresis access", J. Clin. Apheresis 1:202-205, 1983. In contrast, the 
return lumen is placed under a positive pressure by the system pump to pump blood into 
the patient, and accordingly, the return lumen is not susceptible to collapse. 

Certain prior art tunnelled dual-lumen catheters, such as the Hickman dual lumen 
catheter, can be used to simultaneously input and output blood to a patient at minimally 
adequate flow rates. However, these dual-lumen catheters are still susceptible to 
collapse at more optimal, higher flow rates. Grishaber et al found that additional access 
was required to complete 27% of procedures when using the Hickman dual lumen 
catheter and 67% for triple lumen catheters (Arrow International triple-lumen 7 French 
catheter) and stated in reference to venous access for plasma exchange that they "believe 
that the difficulties they pose preclude their use for routine procedures." This contributes 
significantly to the amount of time required to perform these services and increases the 

cost of these services. 

Other dual lumen short-term (non-tunnelled) catheters are larger and stiffer have 
been designed primarily for dialysis and can accommodate the demands of apheresis. 
However, these are designed for short-term placement (days to weeks). For example, it 
is recommended that the dual lumen Mahurkar catheter (Quinton Instrument Company, 
Seattle, WA) be replaced every 3 weeks when used in the subclavian or jugular vein. 
These catheters are generally recommended for exclusive use for the blood treatment 
process (see Spindler, supra), and have short stiff external lumen branches that are often 
uncomfortable and somewhat difficult to dress. Thompson, L., "Central venous access 
for apheresis access," J. Clin. Apheresis 7:154-157, 1992 and Grishaber, supra. They 
are therefore not considered satisfactory for longer term general use as for BMT 
(generally weeks to months). A dual lumen catheter designed for dialysis and long-term 
use is the PermCath (Quinton). This catheter can sustain the necessary flow rates for 
apheresis service but is not without problems. This large, stiff, silicone rubber catheter 
is oval (4.9mm x 2.8mm, OD) and requires a specialized introducer to minimize the risk 
of air embolism at the time of venous placement. It has a specialized cuff for long term 
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implantation in subcu* X)us tissue. It is recommended for : rnal jugular placement 
rather than subclavian or external jugular because of the size and stiffness and possibility 
for complications. Catheter care and comfort thus pose a problem as for similar design 
short-term dialysis catheters and only 2 lumens are available for general use. Thompson, 
5 supra. 

BMT is being used increasingly in the supportive care relating to therapy of an 
increasing array of cancers, including breast cancer. Patients are given intense treatment 
that is designed to be maximally effective against their cancer with the main toxicity 
being potentially lethal bone marrow suppression. For autologous BMT, the peripheral 

10 stem cells harvested earlier from the patient by apheresis are returned to that patient to 
repopulate the bone marrow elements depleted by treatment. Patients then require 
intense supportive care until bone marrow recovery is complete. Optimal vascular 
access is important for this critical phase of treatment. Current treatment protocols often 
require administration of multiple drugs and support with intravenous fluids, antibiotics, 

15 hyperalimentation, growth factors, and blood 'products. For efficient administration of 
these multiple substances, often for many weeks, the use of multiple catheter lumens is 
optimal. This can be accomplished with dual lumen catheter access systems but is more 
difficult and requires "juggling" by health care workers of the multiple infusions, 
medications, and blood draws. Thus, the implantation of catheter systems having three 

20 or more lumens is optimal for vascular venous access to facilitate long term intensive 
medical treatments. Grishaber et. aL, supra. For patients undergoing BMT, triple lumen 
indwelling catheters are generally recommended for vascular access. Moosa et al., 
supra. 

However, for those patients that also require apheresis service, prior art triple- 
25 lumen catheters cannot sustain the high flow rates into and out of a patient required for 
these blood treatment processes and are not recommended for use. The use of a dual 
lumen Hickman catheter, a tunnelled catheter in common use, is reported but is 
associated with a significant rate of failure due to failure of the draw port. Even when 
functional, the flow exchange flow rates are minimal and limiting for this type of 
30 catheter and increase the amount of time required to perform an apheresis service and 
the amount of attention required by personnel administering the service. Another 
important consideration is that multiple treatments are usually necessary. In order to 
complete an apheresis blood treatment session in a timely manner, blood must be 
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withdrawn and return' ' to a patient at an adequate flow rate, ^or example, stem cell 
harvest typically requires that nine liters of blood be exchanged in preferably three hours 
or less. Blood flow rates of 60cc/min or higher through a catheter are required to 
provide for such an exchange rate of blood. In addition, the roller pumps in use result 
in pulsatile flow rather than constant flow and pressures. These relatively high flow 
rates cannot be approached or sustained by many prior art tunnelled dual lumen catheters 
in current general use. Applicant is unaware of any tunnelled triple or quadruple lumen 
catheters that can be used effectively for apheresis. These catheters are soft and flexible 
with limited internal lumen diameters. The withdrawal lumen used to withdraw blood 
from the patient is particularly susceptible to collapse. 

SUMMARY OF THE INVENTION 
The current invention provides a specialized multilumen (3 or 4 lumen) catheter 
system designed to allow the possibility of efficient apheresis or other specialized blood 
treatment processes by using all lumens, and these lumens are engineered to facilitate the 
exchange treatment process by matching flow resistance between designated inflow and 
outflow lumens, and this catheter system is designed to support the high exchange flow 
rates as required by apheresis service at low pressures without collapse of the withdrawal 
lumen(s), and which is also designed for placement as a long-term tunnelled catheter that 
provides independent multiple lumens for long term general vascular venous access for 
use in supportive treatments such as BMT. 

The catheter system of the present invention allows for simultaneous withdrawal 
and return of equal amounts of blood or fluid to a patient at high flow rates. The high 
flow rate sustainable by the catheter system permits a patient to undergo specialized 
blood treatments such as apheresis in a timely fashion and can also be used in the 
manner of a conventional triple-lumen catheter for other general treatment purposes, 
such as supportive care for BMT. The catheter system of the present invention includes 
a specialized multilumen catheter with coupling device that is capable of connection to a 
conventional pump and blood treating device in the usual way. 

The catheter has three or more lumens of which two or more can be joined 
together for removing blood from the patient and of which at least one lumen is 
provided for returning the .processed blood to the patient. The lumens coupled together 
for withdrawal have a combined flow resistance substantially less than or equal to the 
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flow resistance of the r -im lumen. In this manner, the poten: ^ for collapse of the 
withdrawal lumens at the desired flow rates is eliminated or substantially reduced. All 
lumens are used in the blood treatment process, enhancing the efficiency of the catheter. 

Multiple lumens are provided for blood withdrawal with an intervening septum 
instead of a single larger lumen because this architecture provides greater resistance to 
collapse due to the higher ratio of wall thickness to lumen surface area and the shorter 
span of outer catheter wall between any two supporting septum walls. 

The preferred embodiment of the invention is a triple lumen catheter with two of 
the lumens merged together by an external coupler. The pair of withdrawal lumens and 
external coupler together form a withdrawal lumen branch. The external coupler has 
two auxiliary branches that attach to the withdrawal lumens and a single main branch 
that is conventionally connected with a tube leading to the system pump and blood 
treatment device. The external coupler is designed to merge withdrawal flows so that 
the pressure differential necessary to create the desired flow rate is not of a magnitude 
sufficient to collapse the lumens. 

In one embodiment, the catheter is provided with a beveled distal end to help 
reduce two-way flow disturbance and mixing of fluids or blood elements flowing into 
and out of the patient. The beveled distal end of the catheter has a first surface and 
second surface that are angled generally away from one another. The distal ends of the 
withdrawal lumens are disposed flush on one surface while the distal end of the return 
lumen is disposed flush on the other surface. This results in the distal end of the 
withdrawal lumens and the distal end of the return lumen being angled away from one 
another. Accordingly, blood delivered into the patient at the distal end of the return 
lumen is not immediately drawn into the withdrawal lumens. 

To provide for precise beveling of the distal end and the catheter tube, a catheter 
cutting tool is provided as a part of the catheter system. The catheter cutting tool is 
positionable about the catheter and has a blade that is movable between a non-cutting 
position and a cutting position. Markings are provided on the catheter tube's outer 
surface and on the cutting tool to allow for proper and precise alignment of the cutting 
tool to ensure precise cutting of the catheter. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is an overall schematic view of the catheter system. 
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Figure 2 is a r > view of the catheter showing the ca'' <ner coupled to the 

apheresis tubes. 

Figure 3 is a cross-sectional view showing the catheter tube. 

Figure 4 is a side view of the catheter with the external coupler and. apheresis 

5 tubes removed. 

Figure 5 is a side view showing the distal end of the catheter. 

Figure 6 is a side view of the catheter cutting tool positioned above the catheter. 

Figure 7 is a top view of the catheter cutting tool positioned about the catheter. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings, the triple-lumen catheter system of the present 
invention is indicated generally by the numeral 10. Multi-lumen catheter system 10 is 
designed to permit the simultaneous withdrawal and return of equal amounts of blood to 
a patient at high flow rates. The high blood flow rates sustainable by catheter system 10 

15 permit catheter system 10 to be effectively used for blood treatments such as apheresis 
including stem cell harvest and also permit its' use as a multi-purpose catheter such as 
for BMT purposes. 

As shown in Figure 1, catheter system 10 includes a multi-lumen catheter 12 and 
coupling device 46. Multi-lumen catheter 12 is insertable by conventional means into 

20 the circulatory system of a patient and pump 14 acts to simultaneously withdraw and 
return blood to the patient. Coupled to pump 14 is blood treatment device 16 which 
treats blood withdrawn from a patient. As pump 14, blood treatment device 16, and the 
connecting tubing 44 and 42 are conventional, a detailed description of these is not 
deemed necessary. The blood treatment device 16 may be an apheresis machine such as 

25 for pluripotent stem cell harvest, or any other suitable device. The present invention is 
particularly directed to multi-lumen catheter 12 and its combination in catheter system 
10. . 

Multi-lumen catheter 12 includes an elongated catheter tube 18 having a distal 
end 20 and a proximal end 22. Attached to catheter tube 18 are a plurality of external 
30 lumens 124, 126, 128, as shown in Fig. 2, that act as conduits for withdrawing and 
delivering blood or fluids from and to the patient. External lumens 124, 126, and 128 
connect to make continuous paths with the lumens 24, 26, 28 shown in Figure 3 of the 
catheter tube 18. As shown in Fig. 3, septums 18a and 18b extend between and separate 
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lumens 24-28. Septir 18a and 18b provide support for ca :er tube 18 and help 
prevent lumens 24-28 from collapsing when they are placed under vacuum or pressure 
by the action of pump 14 in passing blood or fluid therethrough. 

Catheter tube 1 8 and lumens 24-28 passing therethrough are soft and pliable to 
5 facilitate atraumatic insertion into a patient. In the preferred embodiment, catheter tube 
18 is less than size 14 French diameter facilitating percutaneous introduction into the 
venous system via the subclavian vein route, a standard procedure for insertion used 
with a large number of catheters and devices. A fibrous cuff is attached near the to the 
proximal part of elongated catheter tube 1 8. This is a standard feature for a tunnelled 

10 indwelling catheter which allows for tissue ingrowth to secure the catheter and to 

prevent bacterial migration. The cuff material can be made of any suitable biomedical 
material^ The materials for making catheter tube 18 are any biomedical polymer suitable 
for forming a vascular catheter such as silicone, polyurethane and polyethylene. 
Lumens 24, 26, 28 and 124, 126, 128 include return lumens 24, 124 and withdrawal 

15 lumens 26, 126 and 28, 128. Return lumens 24, 124 function to deliver treated blood to 
the patient, and withdrawal lumens 26, 126 and 28, 128 form a catheter withdrawal 
lumen branch for withdrawing blood from the patient. Lumens 24-28 have distal ends 
32-36 disposed at the distal end of catheter tube 18, and lumens 124, 126, and 128 have 
proximal ends 38, 39, 40. 

20 Return lumen 124 and withdrawal lumens 126 and 128 are connected to pump 14 

and blood treatment device 16 through return apheresis tube 42 and withdrawal apheresis 
tube 44. A conventional catheter connector 62 connects the proximal end 38 of return 
lumen 24 to apheresis tube 42. To connect withdrawal lumens 26 and 28 to apheresis 
tube 44, an external coupler device 46 is used. 

25 As shown in Figure 2, external coupler device 46 forms a portion of the 

withdrawal lumen branch of catheter 12 and functions to merge withdrawal lumens 126 
and 128 to provide easy connection with withdrawal apheresis tube 44. External coupler 
46 includes a main branch 50 and auxiliary branches 52 and 54 which extend from one 
end of main branch 50. In the preferred embodiment, external coupler 46 forms a 

30 general n Y-shape. M In other embodiments, external coupler 46 could also form a general 
"T-shape." Auxiliary branches 52 and 54 are connected to the proximal ends 39 and 40 
of withdrawal lumens 126 and 128, respectively. Conventional type catheter connectors 
56 and 58 are used to connect auxiliary branches 52 and 54 to the withdrawal lumens 
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126 and 128, respectr ' '. Likewise, a ^catheter connector 63 -nnects main branch 50 
to withdrawal apheresis tube 44. 

Lumens 24, 26, 28 are designed so that the flow resistance for withdrawing blood 
from the patient through the withdrawal lumens 26 and 28 is less than or equal to the 
flow resistance of the return flow through return lumen 24. To provide for clinically 
necessary flow rates out of and into the patient with a pressure differential that does not 
cause collapse of the withdrawal lumens, the combined flow resistances or characteristics 
of the withdrawal lumens 26 and 28 for the withdrawal path is matched with the flow 
resistance through return lumen 24 for the return path. 

The shape of lumens 24, 26, 28 is one factor determining flow resistance. A 
cross-sectional view showing the shapes of the lumens 24-26 is depicted in Fig. 3. 
Lumens 24, 26, 28 should preferably be shaped to maximize the size of lumens 24, 26, 
28 in relation to the external wall of catheter tube 18. In addition, lumens 24, 26, 28 
should not have any sharp angles that could enhance stasis and clotting within lumens 
24, 26, 28. Alternative embodiments of catheter 12 can be designed that have lumens of 
various sizes and shapes. Also, the return path can be split into two lumens, like the 
withdrawal path. That is, the catheter tube may have four lumens, if desired. Although 
the lumens of alternative embodiments can be sized and shaped differently, the 
combined flow resistances of the withdrawal path must be less than or substantially 
equal to the flow resistance of the return path. 

Because external coupler device 46 forms a portion of withdrawal lumen branch, 
external coupler 46 is also sized so that its flow resistance is less than or matches the 
flow resistance of external return lumen 124. In particular, auxiliary branches 52 and 54 
of external coupler 46 have a flow resistance which matches the flow resistance of 
external withdrawal lumens 126 and 128, while main branch 50 of external coupler 46 
has a flow resistance which is less than or equals the flow resistance of the external 
return lumen 124. Accordingly, the flow resistance of withdrawal lumen branch is less 
than or equal to the flow resistance of return lumen 24 so that the pressure differential 
necessary to create the desired flow rates will not collapse the withdrawal lumens. 
Alternative embodiments of external coupler device 46 could allow for damping of 
pressure surges transmitted from pump 14. 

Referring to Fig. 4, safety occluders 64 can be placed on external lumens 124- 
128 when catheter system 10 is not being used to withdraw and return blood to a patient. 
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Occluders 64 prevent br flow from the patient or introduction of air into the 
circulatory system of the patient, and may comprise conventional clips or other such 
devices for this purpose. 

Turning to Fig. 5, the distal end 20 of multi-lumen catheter tube 18 is designed to 
5 diminish the mixing of blood flowing into and out of catheter tube 18. To diminish the 
mixing of blood, the distal end of catheter tube 1 8 is slanted or beveled so as to form 
first and second surfaces 66 and 68 that are angled away from one another. As shown 
in Fig. 5, the distal end of return lumen 24 is disposed flush with first surface 66, and 
the distal ends 34 and 36 of withdrawal lumens 26 and 28 are disposed flush with 

10 second surface 68. Because the first and second surfaces 66 and 68 are angled away 
from one another, blood returning to the patient through return lumen 24 is directed 
away from the distal ends 34 and 36 of withdrawal lumens 26 and 28. This helps 
prevent blood that has been just returned to the patient from being immediately drawn 
into withdrawal lumens 26 and 28. 

15 In the preferred embodiment, the distal end 20 of catheter 12 has a "V-shape." 

The bevel on distal end 20, as shown in Fig. 5, is also offset from the center of catheter 
tube 18 because the withdrawal lumens 26 and 28 extend across the center of catheter 
tube 18, as seen in Figure 3. Alternate embodiments of catheter 12 can include a distal 
end 20 having a curved bevel forming a hyperbolic or otherwise rounded distal end 20. 

20 Alternate embodiments of catheter 12 can include further separation of the return and 
withdrawal lumen elements by terminating the return lumen(s) a distance past the 
withdrawal lumen(s). This is particularly efficient, because the blood flow in the vein 
will be in a direction from the withdrawal lumen to the return lumen, so that the blood 
flowing in the vein will become mixed with the returning blood downstream of the 

25 withdrawal lumen. 

It has been found that for a catheter insertion on the left upper chest via the left 
subclavian vein with the distal catheter tip placed at the cavo-atrial junction, a catheter 
length of 19 to 20 centimeters from the skin site for vein entry ("X" on figure 1) plus a 
suitable length for the subcutaneous tunnel is suitable for virtually all patients. Thus, the 

30 catheter is preferably of such length. 

Catheter system 10 includes a specialized catheter cutting tool 70 as seen in 
Figures 6 and 7 for cutting catheter 12 at a selected length and to provide precise 
bevelling of the distal end 20 of catheter 12. Catheter cutting tool 70 includes a catheter 
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holding fixture 72 an'' ^ connected blade mounting unit 74. 

Catheter holding fixture 72 has a longitudinal passageway 76 sized for catheter 
tube 18 to be extended therethrough. A slot 78 extends through the fixture 72 and into 
the longitudinal opening 76. Four posts 80 are attached to the fixture 72 and extend 
upwards. Posts 80 extend into and are moveable within mating channels 82 formed in 
blade mounting unit 74. Compression springs 84 surround posts 80 and bias the blade 
mounting unit 74 away from catheter holding fixture 72. 

A blade 86 is mounted to blade mounting unit 74 and is disposed above the slot 
78. The shape of blade 86 corresponds with the shape of slot 78 and the desired bevel 
or slants on the distal end of the catheter tube. To cut a catheter tube 18 and form a 
bevelled end, blade mounting unit 74 is pressed towards catheter holding fixture 72. 
This causes the blade to enter through slot 78 and into the longitudinal opening 76 of 
catheter holding fixture 72 such that catheter 12 is cut by blade 86. 

To provide for precise cutting of catheter 12, alignment marks 88 are provided on 
blade mounting unit 74 and mating alignment marks 90 are provided on catheter tube 
18. The catheter cutting tool 70 is rotated about catheter 12 to line-up alignment marks 
88 with alignment marks 90. Once aligned, the catheter cutting tool 70 can be used to 
precisely cut catheter 12. Also, the marks 88 and 90 permit sizing of the length of the 
catheter tube as selected by the surgeon for patient in which the catheter is to be placed. 

In operation, multi-lumen catheter system 10 is used for blood treatment 
processes such as apheresis. Once catheter 12 has been properly inserted into the patient 
and the catheter system connected as shown in Figure 1, the blood treatment process is 
started by activating pump 14. Pump 14 creates a pulsatile flow of blood both into and 
out of the patient through the catheter 12. 

A vacuum is created on withdrawal lumens 26 and 28 causing blood to be drawn 
into the distal ends 34 and 36 and through withdrawal lumens 26 and 28. Blood drawn 
through the withdrawal lumens 26 and 28 is pulled through the pair of external 
withdrawal lumens 126 and 128. The blood flowing through withdrawal lumens 126 
and 128 is merged together by external coupler 46 and directed into attached apheresis 
withdrawal tube 44. Withdrawal apheresis tube 44 leads to blood treatment device 16 
where the withdrawn blood can be processed. 

Processed blood is also simultaneously pumped by pump 14 from blood treatment 
device 16 into external return lumen 124. Blood or fluid in return lumen 124 is pumped 
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under pressure through men 24 of catheter tube 18. The prr ire of the blood passing 
through return lumen 24 stiffens catheter tube 18 to help prevent withdrawal lumens 26 
and 28 from collapsing. 

Blood or fluid flow through the return lumen 24 is directed- out of the distal end 
5 32. Distal end 32 is angled away from the distal ends 34 and 36 of the withdrawal 
lumens 26 and 28 so as to reduce mixing of treated blood with the blood drawn in by 
withdrawal lumens 26 and 28. 

Catheter system 12 simultaneously withdraws blood from the patient and returns 
processed blood or fluid to the patient at equal flow rates. The withdrawal lumen branch 
10 has a flow resistance less than or equal to that of the return lumen so that at the 
clinically effective flow rates there is not a pressure differential in the withdrawal 
lumens that would cause them to collapse. 

The catheter 12 is capable of sustaining high blood flow rates without the 
withdrawal lumens 26 and 28 collapsing and failing. This is achieved by using a pair of 
15 withdrawal lumens 26 instead of a single, larger withdrawal lumen. The two smaller 
withdrawal lumens 26 and 28 have less tendency to collapse than single, large lumen 
because of its higher catheter wall thickness-to-lumen ratio and the shorter span of outer 
wall between supporting septum walls. 

When catheter system 10 is not used for blood treatment procedures such as 
20 apheresis, catheter 12 can be used as an indwelling catheter for administering drugs, 

blood products, and other fluids to the patient or to withdraw aliquots of blood for blood 
tests. To use catheter 12 to administer drugs, apheresis tubes 42 and 44 and external 
coupler 46 are disconnected from lumens 124, 126, and 128 as shown in Fig. 4. One or 
more of lumens 124-128 can then be conventionally connected and used to administer 
25 drugs, intravenous feedings or the like. Occluders 64 can be positioned in a closed 
position to block lumens 24, 26, 28 when they are not in use in order to prevent 
inadvertent back flow from the patient or introduction of air into the venous system of 
the patient. 

The design confers the ability for long term use. Catheter tube 18 is formed from 
30 a biomedical polymer suitable for chronic venous and tissue placement. The diameter of 
the catheter permits the use of standard procedures for venous placement. A fibrous cuff 
on catheter tube 18 is a standard feature for tunnelled catheters which diminishes the 
likelihood of accidental displacement and prevents bacterial migration around catheter 

11 
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tube 18. It is envisicrM that the catheter tube 18 will be int- ~duced into the venous 
system by standard percutaneous methods or by venous cutdown methods. The proximal 
end of catheter tube 18 will tunnel subcutaneously back from the venous introduction 
site and exit through a skin incision. The fibrous cuff on proximal catheter can be 
5 positioned within the subcutaneous near the catheter skin exit incision. The cuff material 
is firmly bonded to the catheter and tissue reaction with fibrous ingrowth bonds the 
catheter to the subcutaneous tissue and establishes a physical barrier to bacterial 
migration. 

The present invention may, of course, be carried out in other specific ways than 
10 those herein set forth without parting from the spirit and essential characteristics of the 
invention. The present embodiments are, therefore, to be considered in all respects as 
illustrative and not restrictive, and all changes coming within the meaning and 
equivalency range of the appended claims are intended to be embraced therein. 
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What Is Claimed Is: 

1 . A multi-lumen catheter device comprising: 

a) an elongated, soft and flexible catheter tube having a distal end 
insertable into a patient with an opposed proximal end extending 
from the patient; and 

b) at least three lumens extending longitudinally through the catheter 
tube with each lumen having a proximal end and a distal end, the 
lumens including a pair of withdrawal lumens for removing blood 
from the patient and a return lumen path for returning blood to the 
patient, wherein the pair of withdrawal lumens have a combined 
flow resistance less than or equal to the flow resistance of the 
return lumen path so that the total flow rate for blood flowing 
through the pair of withdrawal lumens and out of the patient does 
not create a pressure differential sufficient to cause the lumens to 
collapse. 

2. The multi-lumen catheter of claim 1 wherein the distal end of the catheter 
tube is beveled so as to form first and second angled surfaces directed away from one 
another, wherein the distal ends of the pair of withdrawal lumens are disposed on the 
first surface and the distal end of the return lumen path is disposed on the second 
surface to reduce the mixing of return blood flow with the withdrawn blood flow. 

3. The multi-lumen catheter of claim 2 wherein the distal end of the catheter 
tube is beveled in a convex curved shape. 

4. The multi-lumen catheter of claim 2 wherein the distal end of the catheter 
tube is beveled to form a V-shape with the first and second surface each forming a 
separate leg of the V-shape. 

5. The multi-lumen catheter of claim 1 further including an external flow coupler 
device for connecting the withdrawal lumens to an external withdrawal tube, the external 
flow coupler including a main leg having a lumen connector at one end for connecting 
to the external withdrawal tube and at an opposite end having first and second branch 
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legs with lumen conn^ *ors extending therefrom for connectir with the withdrawal 
lumens. 

6. The multi-lumen catheter device of claim 1 wherein, the return lumen path 
is a single lumen path. 

7. A multi-lumen catheter device comprising: 

(a) an elongated flexible catheter tube having a beveled distal end insertable 
into a patient and an opposed proximal end extending from the patient, 
said beveled distal end having integral first and second surfaces angled 
away from one another; 

(b) at least three independent lumens extending longitudinally through the 
catheter tube, the lumens including a pair of withdrawal lumens for 
removing blood from the patient and a return lumen path for returning 
blood to the patient, the withdrawal lumens having distal ends disposed at 
the first surface of the distal end of the catheter tube and the return lumen 
having a distal end disposed at the second surface of the distal end of the 
catheter tube so as to reduce the mixing of blood between the return 
lumen and the withdrawal lumens, wherein the pair of withdrawal lumens 
are sized relative to the return lumen such that the total flow resistance for 
blood flowing through the pair of withdrawal lumens and out of the 
patient is less than or substantially equivalent to the flow resistance for 
blood flowing through the return lumen and into the patient; and 

(c) an external flow coupler for connecting the withdrawal lumens to an 
external withdrawal tube, the external flow coupler including a main leg 
having a lumen connector at one end for connecting to the external 
withdrawal tube and at an opposite end having first and second branch 
legs with lumen connectors extending therefrom for connecting with the 
withdrawal lumens. 

8. The multi-lumen catheter system of claim 7 wherein the flow resistance of 
the branch legs and main branch substantially matches the flow resistance of the 
withdrawal lumens. 
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9. A cathet' -ystem of claim 7 enabling a blood t tment process involving 
simultaneous and continuous removal and return of blood or fluids to the circulatory 
system of a patient, comprising: 

(a) inserting a multi-lumen catheter device having at least two withdrawal 
lumens and at least one return lumen into the circulatory system of the 
patient; 

(b) simultaneously pumping blood or fluids into the patient through the return 
lumen and withdrawing blood from the patient through the withdrawal 
lumens; and 

(c) regulating the blood flow through the return lumen and the withdrawal 
lumens such that the combined blood flow through the pair of withdrawal 
lumens out of the patient does not create a pressure differential sufficient 
to cause the lumens to collapse. 

10. The process of claim 9 further including the step of simultaneously 
exchanging the blood or fluids into the patient at a flow rate of at least 60cc/minute. 

11. A catheter cutting tool, comprising: 

a) a catheter holding fixture having a longitudinal passageway sized 
for a catheter to extend therethrough and a slot extending through 
the catheter holding fixture and into the longitudinal opening; 

(b) a blade mounting unit movably mounted to the catheter holding 
fixture and having a blade mounted thereon, the blade mounting 
unit biased away from the catheter holding fixture, wherein as the 
blade mounting unit is pressed toward the catheter holding fixture 
the blade passes through the slot and into the longitudinal opening 
so as to cut a catheter extending through the catheter holding 
fixture and form a beveled end on the catheter. 

12. The catheter cutting tool of claim 11 wherein the blade has a curved shape 
for forming a convex bevel. 

13. The catheter cutting tool of claim 11 wherein the cutting blade has a V- 
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shape for forming a V-^aped beveled end. 



14. The catheter cutting tool of claim 11 wherein the longitudinal passageway 
has a center line and the blade is asymmetric with the center line. 

'5 

15. The catheter cutting tool of claim 11 further including a first alignment 
mark disposed on the blade mounting unit, wherein the blade mounting unit is 
positionable with respect to a catheter extending through the catheter holding fixture to 
align the first alignment mark with a mating second alignment mark disposed on the 

10 catheter so as to precisely position the catheter cutting tool with respect to the catheter. 
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